Ferroics and multiferroics are unique objects for fundamental physical research of complex nonlinear processes and phenomena, which occur in them in micro and nano-scale. Due to the possibility of their physical properties control by size effects, nanostructured and nanosized ferroics are among the most promising for advanced applications in nanoelectronics, nanoelectromechanics, optoelectronics, nonlinear optics and information technologies. The review discuss and analyze that the thickness of the strained films, the size and shape of the ferroic and multiferroic nanoparticles are unique tools for controlling their phase diagrams, longrange order parameters, magnitude of susceptibility, magnetoelectric coupling and domain structure characteristics at fixed temperature. Significant influence of the flexo-chemical effect on the phase transition temperature, polar and dielectric properties is revealed for thin films and nanoparticles. Obtained results are important for understanding of the nonlinear physical processes in nanoferroics as well as for the advanced applications in nanoelectronics.
INTRODUCTION

Definition of ferroics and multi ferroics.
Under the definition, "classical" ferroics are condensed substances which under the certain external conditions (with changing temperature, pressure, etc.) occurs a spontaneous symmetry lowering, as the result is the collective phase transition of its elementary structure into an ordered state [ 1 , 2 ] . In this state, a vectorial (or tensorial) long-range order parameter arises, whose direction (or magnitude), as a rule, can be changed between several (meta)stable states by applying physical fields larger than the coercive value. The phenomenon is named ferro-hysteresis. Some ferroics in the ordered state are spontaneously divided into "domains" -micro-or nano-scopic regions with a certain direction (or magnitude) of the order parameter. "Classical" first-order ferroics are solid-state ferromagnets, ferroelectrics, antiferroelectrics, ferroelastics, substances with antiferrodistorsion.
Magnetic and ferroelectric relaxors, quantum paraelectrics, superparamagnetics, superparaelectrics, ferroelectric liquid crystals, ferrionics sometimes can be regarded ferroics.
This is due to the fact that, in accordance with the creator of the name "ferroic" Aizu The long-range order parameter of ferroelectrics is vector of spontaneous polarization of the lattice Р(Т,Е), which occurs below the "ferroelectric Curie temperature " T FE due to the appearance or ordering of the orientation of elementary dipoles [phase transitions of the "bias"
type or "ordering-disordering" type depending on concrete material, see The long-range order parameter of ferroelastics is the component the spontaneous lattice strain u(Т,р), which has hysteretic behavior as a function of external pressure р and arises below the temperature of the phase transition due to the spontaneous symmetry lowering in the elementary lattice. Sometimes the ferroelastic phase transition is accompanied by the appearance of the secondary order parameter -polarization (that is also registered experimentally).
The structural order parameter in ferroics with antiferrodistorsion is the pseudovector of the angle of static rotation of certain crystallographic groups Ф(Т,р), which arises spontaneously below the temperature of the phase transition due to the spontaneous symmetry lowering (flexure) in the unit cell (see Fig.2 ). In this case the ferroic is broken down into «elastic» domains -"twins", which are registered experimentally. Static rotations of the crystallographic groups can be detected by scanning electron microscopy with an ultra high atomic and subatomic resolution [ 6 ] . It should be noted that Aizu for the first time gave the name of the definition of ferroelasticity as a feature, which can exist by itself in crystals and not the same with ferroelectrics and ferromagnetics [3] [4] . Ferroics are consolidated by the same behavior of the main characteristics, such as magnetic, electrical and mechanical. Ferroics that have simultaneously more than one of these characteristics are called multiferroics. Thus, the difference between a ferroic and a multiferroic is that the multiferroic is a "complex" ferroic of the second (or higher) order in which two (or more) long-range order parameters of different physical nature coexist and interact under certain external conditions. In this case, the external field that induces hysteresis behavior of one order parameter will induce hysteresis behavior of another one due to the coupling between these parameters. The susceptibility and domain structure of different types are interrelated in multiferroics, which make them unique objects for fundamental and applied physical research Over the past 10 years, it has been established that the thickness of strained films, the size and shape of nanoparticles of ferroics and multiferroics are unique tools for controlling their phase diagrams, the values of order parameters and susceptibility, the magnetoelectric coupling, and the peculiarities of the domain structure at a fixed temperature [7, 9, 10 ]. For example, shows the phase diagram of a nanoparticle BaTiO 3 in the coordinates "temperature-particle radius". It is seen from the diagram that the nonpolar paraelectric phase (PE), which is usually stable at high temperatures and small particle radii, again turns into the polar ferroelectric phase (FE) in accordance with experiment of Zhu et al [ 16 ] . This is due to the size effect of flexochemical coupling.
It was found that the flexochemical coupling can induce the shear surface acoustic waves in non-piezoelectric materials [ 17 ] , in this case, the depth of penetration of a such wave is determined not only by the magnitude of the static flexoelectric coupling (coupling constant f), but also by the value of the dynamic flexo-effect, that is, a polarization reaction to the accelerated motion of the medium (coupling constant М). There are no surface shear waves in matter without an inversion center under the condition f=М=0. When f is greater than the critical value, a spatially modulated phase occurs (see. at temperatures from 300 К to 171 К. Solid curves are calculated at temperatures from 300 К to 150 К. Adapted from Ref. [20] .
II. FLEXO-CHEMICAL EFFECT IN THIN FILMS
Theoretical formalism
The Landau-Ginzburg-Devonshire (LGD) Gibbs free energy of the ferroelectric film consists of bulk ( ) and surface ( ) parts and the energy of the electric field outside the film ( ),
V G and are the power expansion on the polarization vector and stress tensor components and [
The tensor is positively defined for linear dielectrics, and explicitly depends on temperature 
is necessary for the stability of the thermodynamic potential if the full Lifshitz invariant is included. Application of either the term Polarization distribution can be found from the Euler-Lagrange equations obtained after variation of the free energy (1)
along with the boundary conditions on the top surface of the film S at h x = 
The periodic conditions were imposed at the lateral sides, The electric field E is determined self-consistently from the electrostatic problem for the electric potential ϕ,
supplemented by the condition of potential continuity at the top surface of the film, We suppose that most of defects are located in a thin top layer of thickness beyond which their concentration decreases exponentially towards the film bulk [ Ref. [22] ): the presence of a flexo-effect leads to a distortion of the domain structure. This is because the system, attempts to reduce energy by distortion of the domain structure near the lower electrode due to the flexoelectric effect. In addition, this form of domains creates additional mechanical and electrical stresses that tend to reduce the energy of the system.
Results and discussion
x-coordinate (nm) y-coordinate (nm) negative area near the surface of the film indicates that the system try to reduce its energy due to the compressive stress. The presence of defects leads to decrease the total stress in the surface defect layer. This result explained by the fact that each defect creates a stress of random direction that on average compensates each other. In addition, the main influence has the size and shape of the domain structure. The presence of domain walls lead to increase the energy of the system, but it significantly reduces the energy to the depolarization field, and the influence of the flexoeffect reduces the total energy due to the distortion of the domain shape. This particularly clearly seen near the surface and the contact of the sample with the lower electrode, since these regions are most easily deformed.
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Using distributions of physical fields, one could calculate the energy of the system as a function of the distance between the domain (see Fig.12 ). It is seen that there is a minimum of energy at certain value of the separation between the domains. The minima of the potential relief determine the equilibrium distance between the domain walls (and hence the domain structure period). Note, that at sufficiently high screening length (absence of screening) the equilibrium period is almost independent on the screening length, while at small λ (almost ideal screening) the equilibrium period rapidly increases, and for the screening length equal to some critical value λ cr the equilibrium period diverges so that system transforms into single domain state (there is no equilibrium distance between the domain walls for λ<λ cr ).
It is seen, that at small width values wall-wall interaction is almost independent on the screening (short-range interaction due to the correlation energy), while at larger distance between walls electrostatic interaction dominates the interaction potential.
The absence of equilibrium domain structure at sufficiently small λ is explained by behavior of the surface potential with the decrease of λ (see Fig.13 ), namely potential drops to zero independently on the domain width with λ tending to zero. Therefore the driving forces to induce the domain appearance disappear in this limit. 
Figure 14
shows that for small values of the length of surface screening, the period of the domain structure is not critical. This can be explained by the fact that for small lengths of screening charge is localized near the surface z = 0 and there is no charge redistribution that is seen on the distribution of the surface potential and field components. However, with increasing of the screening length, the distribution of the surface potential slowly goes out to saturation with increasing the period of the domain structure. This effect indicates that with increasing domain sizes, surface charges tend to reduce the energy of the electric field.
Minimization of the free energy of the system with respect to the domain width allows one to determine the energy of equilibrium state as a function of film thickness, temperature etc.. Figure 15 illustrates the dependence of the energy of a unit cell on temperature. It can be seen that for small temperatures and non-zero defect concentration the energy is slightly smaller indicating the possibility of creating more stable structures by including defects. However, as the temperature increases, the curves increase monotonically and, starting from 480 K, the defects increase the energy of the cell as compared with the defect-free structure. In addition, the figure shows that defects lead to the shift of the phase transition temperature to higher temperatures. In recent years, the interest of scientists and engineers has significantly increased to ferroic relaxors, which have been successfully used in ultrasonic diagnostics and piezo-actuators.
III. APPLICATIONS OF FERROICS AND MULTIFERROICS
This led to the development of methods for controlling properties and advanced improvement of relaxor ferroics performances; expanded areas of their applications, especially as efficient energy storage devices.
Among advanced applications of multiferroics, the special attention is paid to electronic devices that use multiferroics with a large magnetoelectric effect. Due to it, the sensitivity of devices to very small electric and magnetic fields, including human bio-fields, greatly accentuates the sensitivity of existing devices created on the basis of the Hall effect and giant magnetoresistance, in addition, instruments using the magnetoelectric effect are cheaper than others. Today such devices as magnetocardiographs and magnetoencephalographs use multiferroics with the magnetoelectric effect are in the market [8] . Recently discovered reentrant phase, which allows to conserve the useful properties in ultra-small nanoferoics, and hence opened the way to create of multi-layer ceramic capacitors of ultra-high capacity with small size and weight. Magnets, magnetotransport and spintronics (which description goes beyond this review) are of particular importance for applications.
Some perspectives of ferroics and multiferroics applications appear in innovative nanotechnologies, as the newest elements of non-volatile memories based on the huge magneticelectric coupling in multiferroics, field-effect transistors (FET) with antiferroelectric gate; FET based on graphene-on-ferroelectric. The concept of the "Internet of Things" awaits for new spintronic devices based on ferroelectric semiconductors with the Rashba effect. Nanoactuators can be based on a giant flexo-electrochemical effect in nano-sized paraelectrics. Piezo and pyroelectric nano-generators of electric energy can be based on ordered arrays of ferroelectric nanoparticles can be used for nanoelectromechanics.
IV. SUMMARY
To conclude ferroics and multiferroics are unique objects for fundamental physical studies of complex nonlinear processes and phenomena which occur in these substances at the micro and nanoscale. Due to the possibility to control physical properties ferroics and multiferroics using size effects, nanoferroics are among the most promising materials for the newest applications in nanoelectronics, nanoelectromechanics, information technologies and nonlinear optics.
